Morphology of pollen grain was described for nine American persimmons (Diospyros virginiana L.) genotypes (DV-01 -DV-09) at the Institute of Biodiversity and Biological Safety of Slovak Agricultural University in Nitra using an electron microscope Carl Zeiss LS 15, and the microphotographs were taken. The measurement of morphometric parameters was carried out on 50 pollen grains from each genotype using the AxioVision Rel. 4.8.2.0 program. The measurements were made in micrometer (μm). The length of polar axis (P) and the equatorial diameter (E) of grain, P/E ratio were measured and their variation was compared among studied genotypes. The polar axis and equatorial diameter of pollen grains values were varied from 51.94 to 78.60 μm and from 23.00 μm to 42.71 μm, respectively. This study showed that there were significant differences among the genotypes in all measured factors. Pollen grains are radialsymmetrical, isopolar, tricolpate (with three sulcus). Exine surface is a bicomponent sculptural type with small perforate-undulate or wrinkled weakly perforate. Percentages of abnormal pollen grains ranged from 2.0 to 19.3% among the genotypes. It was noted that diversity of surface sculpturing of pollen grains in combination with shape and sizes of them enables to use complex of thin morphologic signs for Diospyros virginiana pollen identification.
Introduction
The American persimmon (Diospyros virginiana L.) is of great practical interest for fruit growing. In addition, the Diospyros virginiana is a valuable decorative and medicinal plant. For the last years was derived good cultivars of Diospyros virginiana and some of them are superior the best cultivars of Diospyros kaki (Spongberg, 1979; . Today more than 200 cultivars of Diospyros virginiana exist and their fruits have differences in fruits shape, size, color and ripening (Hague, 1911; Spongberg, 1979; Goodell, 1982; Zohary, 2004) .
The investigations of the morphological peculiarities of pollen grains from specific genotypes and cultivars are important and useful for taxonomy, phylogeny, palaeobotany, breeding programmes, e.g., pear (Westwood and Challice, 1978) , grape (Ahmedullah, 1983) , sweet cherry (Miaja et al., 2000) , apricot (Arzani et al., 2005) , cornelian cherry (Mert, C. 2009 ), persimmon , hazelnut (Nikolaieva et al., 2014) , jujube (Rouhakhsh, et al., 2014) , and chestnut (Grygorieva et al., 2015) .
Shape, size, surface morphology, and ultrastructure of pollen grains are of great importance in the characterization of the pollen grains (Fogle, 1977; Martens and Fretz, 1980; Jiang et al., 2004; Grygorieva et al., 1010; Brindza and Brovarskyi, 2013; Dyakova, 2014) .
The morphology of common persimmon pollen was not investigated under conditions of Ukraine. The knowledge of pollen morphological characteristics can be an adequate method for identification and the newly-developed genotypes of Diospyros virginiana.
Materials and methodology
Locating trees and data collection. The pollen of 9 Diospyros virginiana genotypes (DV-01 -DV-09) from the collection of M.M. Gryshko National Botanical Garden of NAS of Ukraine (NBG) was investigated.
Pollen grains collection. Freshly flowers (not opened) were collected randomly from the different genotypes at the balloon stage (June 2015). Pollen samples released from dry male flowers were further dried under laboratory conditions. The dry pollen was used for a microscopic study of morphological characteristics. The samples of pollen grains were applied to double-tape, fastened to metal object tables with 10 mm diameter.
Scanning electron microscopy (SEM).
The pollen grains were studied at the Institute of Biodiversity and Biological Safety of Slovak Agricultural University in Nitra using an electron microscope Carl Zeiss LS 15, and the microphotographs were taken.
Typical exine patterns, shape, size and the dimensions of pollen grains for each Diospyros virginiana genotypes were determined by using a scanning electron micrograph (SEM).
Morphometric characteristics. The measurement of morphometric parameters was carried out on 50 pollen grains from each genotype using the AxioVision Rel. 4.8.2.0 program. The measurements were made in micrometers (μm). The characterization of pollen grains was calculated by taking the following parameters: the polar axis (P-line connecting the proximal and distal pole), the equatorial axis (E-a line perpendicular to the polar axis and located in the equatorial plane).
Statistical analysis. Basic statistical analyses were performed using SAS System v. 9.2 (SAS 2009). The DISTRIBUTION analysis (verification of normal distribution of input data), the CLUSTER procedure, the TREE procedure (creating the dendrogram) in SAS 9.2. for further detailed analysis were used. Differences among means were determined for significance at P <0.05 using Tukey's test. Variability of all these parameters was evaluated using descriptive statistics. Dendrogram clustering the data from the individual experimental genotypes using average linkage using Euclidian distance as a metric.
Results and discussion
It is known, the Diospyros virginiana flowers are prevailingly unisexual, only exceptionally being bisexual. It means the plant bears both, the male and female flowers. Sometimes the dioecism occurs. Many individuals have only female flowers and the fruits can arise without fertilization -by parthenocarpy and they are seedless. Information on Diospyros virginiana pollen grain traits occurs scarcely in a few papers (Erdtman 1966; Geeraerts et al., 2009; Grygorieva et al., 2010) . Grygorieva, O., Motuleva, S., Nikolaieva, N., Klymenko, S., Schubertová, Z., Brindza, J. Agrobiodiversity, 2017, 151-158 Pollen grains of the Diospyros virginiana occur individually -solitary, defined as monads. This study on pollen morphology of tested Diospyros virginiana showed that pollen grains are radially symmetrical, isopolar and according to the localization of apertures are zono-tricolpate. Three compound apertures are according to distribution equidistant. The size, shape of pollen grains and number of apertures are documented on Figure 1 .
Pollen grains possess three prolonged apertures -colpi which are narrowed at poles. An additional pole is in the colpus middle at the equatorial centre (circular equatorial aperture). This classification correlates with literature data (Sowunmi 1995; Kodela 2006; Geeraerts et al., 2009 ).
The exine membrane in an area of the colpus is granulated. From the cytological view the pollen grains of Diospyros virginiana are bicellular (Сравнительная эмбриология..., 1983). It means that generative cell division on sperm cells is accomplished in the pollen pocket. Our studies using REM have shown that the exine of tested species is not smooth but sculptured. There are dominating finely striation (striate), scarring (scabrate) or wrinkles, also with the occurrence of perforations.
An important morphological characteristic is the size of pollen grains. The length of polar axis (P) measured in the mentioned of the Diospyros virginiana (Table 1, Figure 2 ) varied from 51.94 to 78.60 μm and the width of the equatorial axis (E) was in a range of 23.00-42.71 μm. For example Erdtman (1952) in Diospyros virginiana reported the mean value for polar axis length (P) 59.0 μm and the equatorial axis (E) 46.0 μm whereas Geeraerts et al. (2009) for the same species found the mean values for the length P -41.4 μm and E -31.2 μm (Table 2) .
Table 1
The measured pollen morphological traits of selected genotypes of Diospyros virginiana L. The values of variation coefficient were in the range of 3.50-5.91% for polar and in the range of 5.21-11.09% for equatorial axes.
Genotypes
The genetic relationship among the 9 genotypes of Diospyros virginiana (Figure 3 ) was examined by cluster analysis. Dendrogram has shown 3 main group in cluster A, cluster B and cluster C. Four of 9 genotypes were included in cluster group B and cluster group C, respectively. And one genotype formed cluster group A. The groups B and C had highest means for pollen morphometric characteristics.
Figure 2
The average values of polar and equatorial axes of Diospyros virginiana L. pollen of selected genotypes (Means in each column followed by different letters are not significantly different (P ≤0.05)
Figure 3
Dendrogram of Diospyros virginiana L. 9 genotypes based on morphometric characteristics of pollen Shape index (SI) of pollen grain depends on parameters of polar (P) and equatorial (E) axis. Shape index (the P/E ratio) of tested species varied from 1.47 to 2.91 (Table 2, Figure 4 ).
Table 2
Literature data on pollen morphological traits in the Diospyros virginiana L. Alongside normal pollen grains, each genotype examined also displayed a proportion of abnormally formed pollen grains. Percentages of abnormal pollen grains among the cultivars ranged from 2.0% to 19.3% ( Figure 5 ). These values showed that there are no significant problems of pollen abnormality among the genotypes examined with the exception of DV-03. 
Characteristic

Figure 5
Abnormal pollen (%) of Diospyros virginiana L. of selected genotypes
Conclusions
In the present work, morphologic and micro-sculptural characteristics of pollen grains of Diospyros virginiana (DV-01 -DV-09) 9 genotypes were carried out as a comparative study. Ascertained diversity of pollen grains shape and sizes in aggregate with sculptural features of exine surface enables to characterize pollen according to the complex of signs. Micro-sculptural features of exine surface may be regarded as markers signs and in the future use them for identification of Diospyros virginiana pollen. 
